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(54) PROCESS FOR PRODU 

(71) We, MITSUI PETROCHEMI- 
CAL INDUSTRIES LTD., a Japanese body 
corporate of 2-5, 3-chome, Kasmnigaseki, 
Chiyoda-ku, Tokyo, Japan, do hereby declare 
5 the invention for which we pray that a patent 
may be granted to us, and lie method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment:— 

10 This invention relates to a process for the 
production of terephthalic acid which is of 
sufficiently high qimlity to be used in the 
production of fibre grade polyesters by the 
direct polymerisation method. 

15 There is a known process for producing 
terephthalic add which comprises oxidising 
para-i^lene at elevated temperatures and 
pressures in the liquid phase with molecular 
oxygen or a gas containing molecular oxygen 

20 in Sie presence of acetic add and a cobalt- 
containing catalyst, condensing the gaseous 
oxidation reaction product, which contains a 
non-condensable gas, steam and acetic acid 
vapour, removing the non-condensable gas 

25 while recycling the condensate consisting pre- 
dominandy of water and acetic add to the 
oxidation reaction, aystallising the tereph- 
thalic add in the liquid reaction produa, re- 
covering terephthalic acid crystals, distilling 

30 the mother liquor to recover acetic add, and 
recyding the acetic add ta the oxidation 
reaction. 

The terephthalic add produced by this 
process is not entirely satisfactory and is sus- 
35 ceptible to discolouration. Accordingly the 
polyester prepared bv "die direct polymerisa- 
tion method using this terej^ithalic add was 

discoloured. 
We have now found that terephthalic add 

40 of improved quality may be prepared by a 
process which comprises oxidising para-xylene 
in the liquid phase with either molecular 
oxygen or a gas containing molecular oxygen 
in the presence of acetic add and a cobalt- 

45 containing catalyst, recovering terephthalic 
add by crystallisation from the liquid oxida- 
tion reaction product^ recycling to the oxida- 
tion reaction witliout distillation the mother 



ING TEREPHTHALIC AQD 

liquor, which contains catalyst, remaining 
after removal of crystalline terephthalic acid^ 50 
passing the gaseous oxidation reaction pro- 
duct which contains non-condensable gas, 
water vapour and acetic acid vapour through a 
fractionating zone in which the acetic add 
vapour is condensed while the water vapour 55 
is not condensed, recycling the condensed ace- 
tic add to tbe oxidation reaction and remov- 
ing the water vapour, toother with the non- 
condensable gas, from the reaction system. 

In the process of the present invention, 60 
therefore, a condensate containing both water 
and acetic add is not recyded to the oxida- 
tion reaction as in the case of the prior art 
process and^ further, the mother liquor re- 
maining after removal of crystalline tereph- 65 
thalic add is not distilled to recover acetic 
add. 

Although it is not quite dear why tereph- 
thalic add of improved quality results from 
the process of the invention, it is thqught 70 
the impurities which are the primary cause 
of discolouration of the product, are removed 
by the fractional distillation of the gaseous 
reactimi product containing non-condensable 
gas, steam and acetic acid. In the prior art 75 
method the condensate containing impurities, 
water and acetic add is recycled to the reac- 
tion system. Also in the prior art process 
the accumulation in the oxidation reaction 
system of the water that forms during the 80 
reaction is thought to partidpate in the for- 
mation of impurities. 

In addition to making possible the produc- 
tion of terephthalic acid of improved quality, 
the process of the invention simplifies control 85 
of the water content of tiie reaction system, 
increases the rate of the oxidative reaction 
and reduces the rate of decomposition of the 
acetic add. Another advantage is that the 
mother liquor remaining after separation and 90 
recovery of terephthalic add crystals need 
not be distilled to recover the acetic add for 
recvding to the reaction. 

The cobalt-containing catalysts to be used 
in the oxidation reaction are known. The 95 
cobalt catalysts may be used alone or they 
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can be used in conjunction with Dtfacr heavy apparatus in whidi an oxidation reaaor is 
cietal oxidation catalysts, e.g. compounds of coupled to a distillation colunm with a pipe 
sudi heavy metals as manganese, dbrbinium or an apparatuis in which the two units are 
and mckel. The cobalt-containing catalysts directiy joined. Hie distillation column may 
5 may also be used in conjunction with a bto- be a packed column containing a filler or, 70 
inine-contammg catalyst and such known re- preferably, a column provided with a plur- 
action aocderators as . acetddclqrdc and aUty of trays. When die oxidation reactor 
methyl ethyl ketone. A preferred catalyst and tiie distillation cohimn are joined to- 
lA ^5^^ manganese and bromine. gether, die distillation cohmm preferably does 

10 The cobalt-containing catalyst can be metal- not have a part in which liquid is retained 75 
lie. cobalt or an morgaiiic or organic com- sudi as an overflow dam, in order to avoid 
pound of cobalt, but preferably is used in clogging by powdered carboxylic add which 
a form m which it is soluble in the reaction may be entrained in die exhaust vapour 
system. Smtablc cobalt compounds are cobalt The operating conditions of the distiUa- 
15 acetate, cobalt naphdienate and cobalt bro- tioan column should suitably be varied in 80 
mide. Manganese compounds whidi may also accordance with the conditions of the oxida- 
be used mclude manganese acetate and man- tion reaction. In general the column is oper- 
ganese naphthenate, while bromine compounds ated in such a way that the amount of water 

which can be used are sodium bromide and in die oxidation reaction system is from 05 
20 calauin bromide. • to 15% and preferably 0.5 to 10% by wdght. 85 

mere is no particular restnction on the The pressure at die top of the distillation 

amount of the cobalt-conteining compound column can be varied from normal atmo- 

and suitable amounts are of die order of spheric pressuic to 50 kg/arf gauee and the 

aoi— .50% by weight based on the weig^it of temperature horn 100* to 250** C, depend- 

^ the starting para-xylene. ing upon die temperature and pressure of tibc 90 

As well as molecular oxygen there can be oxidation reaction. 
iKed a gas containing molecular oxygen such The terephdialic add contained in the 

as mktures of oxygen and an inert gas such liquid oxidation product may be crystoUised 

as mtrogai and carbon dioxide. Commercially, and recovered in any suiteble manner and 

^ air IS usuaUy used The amount of gas cm- die known multistage crystallisation technique 95 

ployed preferably is such tiiat the amount can be used. A particularly preferred method 

of molecular oxygen is in excess of die is one in which die liquid oxidation iea<Stion 

^idiiometric amount. The amoint to be used produrt is flashed to cause die terephdialic 

can be determined from die concentration acid to crystallise, coarse partides of tereph- 

of niolecular oxygen in the non-condensable Sialic add are isolated and Tecoveted^ die 100 

gas leaving the reaction system which pre- mother liquor containing finely divided teie- 

ferably is of ije order of at least 2% by phdiaUc add aystals is recyded to the o^ri- 

^^^,.^P^^^Py 3—20% by weight dartion reaction, and the coarae partides of 

The liamd phase oxidation of the invaition terephthalic add m washed with acetic add 

40 IS generally carried out, as in the prior art recovered from the flashed vapour. 105 
method, at elevated tcmf>eratures and pres- Hashing had to be avoided in die -prior art 

sures. Suitable temperatures are 100—300° method since any terephdialic add r«naining 

C, preferably 150—170** C, and suitable in die modier liquor, which was not iecyded 

AS ^^"1?^ ^ super-atsiiospheric press^nes tip unchanged to the oxidation reaction, wmdd 

45 TO 150 kg/cm ^ug^ have been lost, causing a reduction in the 110 

The amount of acetic aad used, as reaction yidd of terephdialic add. Hen<», die prac- 

solvent, IS not critical but preferably is from tice was to enlarge the partides of die scpar- 

2—12 parts by weight per part by .wsigjit ated terephthalic add by carrying out the 

P^r^lf^j?. material. crj^stalHsation in several stages. However, 

50 ^ Fractional distillation of die gaseous oxida- there is no reduction in the yidd in die pre- 115 

tion reaction product can be carried out by sent invention even diough terephdialic add 

providmg a distillation column at a point crystals may be contained in the moditr 

above an e^ust vapour oudet in die upper liquor, since die modier liquor is recyded 

part of the oxidation reactor. The apparatus to die oaddatiwi reaction zone as obtained 

55 used m die conventional medioa can tiiere- foUowing separation of die coarse trtenh- 120 

fore readfly be adapted for iise in the process dialic add crystals. Also since finely ciys&- 

of the invention by providing a distillation line terephdialic add tends to contain a larger 

cohmm mstead of a condMser. proportion of impurities dian does die larger 

^^"^^^l ^^Uation operation can partide size material, die produaion of 

60 readily lie <amed out by controllmg the tern- tcrcphtiiaHc add of -improved quaUty can be 125 

peramre of die exhaust vapour leaving die advantageously carried out by the ^Sa^bin? 

reaction zone. The temperature is contirolled mediod It is, of course, also possible to^^ 

so diat die n«i-condensable -gais and stfeain out substantally -complete separation of the 

pa^ through the fractional distiUdtion zone, terephdialic add and to rccyde to the oxi- 

65 It is usuaUy convenient to employ an dation reaction a modier hquor which con- 130 
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tains substantially no terephthalic add 
crystals. 

When the oxidation reaction product is 
flashed the liquid product containing the oys- 

5 talUne terephthalic add can be passed to a 
separation zone while the flashed vapour 
stream is withdrawn from the flashing zone^ 
the acetic acid contained therein is condensed, 
and the acetic add obtained can either ht 

10 recyded directly to the reaction zone or may 
be used to wash the terephthalic add crys- 
tals before bemg recyded. 

Hie separated terq)fatfaalic add crystals 
can be dried as they are to obtain a final 

15 product, but it is preferred to wash the 
crystals in acetic add and then to dry the 
washed crystals to obtain the final product 
The acetic add used for washing preferably 
is the acetic add obtained by flashing the 

20 Teaction product and condensing the acetic 
add in the flashed vapour. 

The acetic add used in the washing oper- 
ation is collected and is then usually recycled 
to the oxidation reaction. 

25 By-products which derive from dther the 
impurities formed during the course of the 
oxidation reaction or from impurities con- 
tahed in the starting para-xyloie gradually 
accumulate in the reaction system upon re- 

30 peated cycling of the mother UyioT, For 
this reason a part of the mother liquor pre- 
ferably is withdrawn from the system and 
discarded. If necessary withdrawn mother 
liquor can be recycled and reused after the 

35 addition of a fresh batdi of acetic add. 

When the reaction product is flashed a 
distillaticm zone can be provided in the crys- 
tallisation zone by means of which moisture 
can be distilled off. 

40 The accompanying drawing is a flowsheet 
which illustrates the process of the inven- 
tion. 

In the drawings para-xylene^ acetic add and 
a cobalt-containing catalyst are fed via line 

45 1 to an oxidation reaction apparatus consist- 
ing of an oxidation reactor I to the upper 
part of which is coimected a distillation 
column II. An oxidation reaction is then car- 
ried out by introducing a gas ccmtatning 

50 molecular oxygen via Ihne 2 at the bottom 
the reactor I. A gaseous mixture^ which 
consists predominantly of acetic add, water 
and non^ndensable gas leaves the top of 
reactor I and is conducted via line 3 to the 

55 distillation column 11^ where it is submitted 
to a fractional distMiation operation. Steam 
and non-ccmdensable gas are removed from 
the system at the top of the distillation column 
II while acetic add is refluxed in the distil- 

60 latioB column II and is recyded via line 5 
to the reaaor L The liquid oxidaticHi reaction 
product is withdrawn from the bottom of 
tbe^ reactor I via line 6 and is cooled in a 
crystallisation tank in> whereupon the teie- 

65 phtfaaUc add, whidi is soluble in acetic add, 



crystalhses out While the drawing shows only 
one crystallisation tank, two or more may 
be used coupled together. Alternatively, a 
flashing chamber can be provided in place 
of the crystallization tank. The slurry contain- 70 
ing terephthalic add crystals is conducted from 
tank in via line 7 to a sq)arator IV, where 
crystalline terephthalic add is isolatal' from 
the mother liquor. The resulting terephthalic 
acid is wi±drawn via line 8 and, if neces- 75 
sary, washed in acetic add and dried to obtain 
the final product The mother liquor is with- 
drawn from the separator IV via line 9 and is 
recyded to the reactor I. 

The invention will be further described by 80 
reference to the following Examples. 

Example I 
An oxidation reactor coupled at its upper 
end to a distillation column provided with 
30 trays is fed, at an hourly rate, with 150 85 
kg of parazylene, 1200 kg of 95% acetic add 
and, as oxidation catalyst, 1.5 kg of cobalt 
acetate, 0.8 kg of manganese acetate and 1.8 
leg of sodium bromide. An oxidation reaction 
is then carried out at 190° C. and 12 kg/ar^ 90 
gauge while introducing air into the bottom 
of die reactor. A vapour mixture consisting 
predominantly of acetic add and steam, which 
evaporates during the oxidation reaction, is 
distilled in the column at a column top tem- 95 
perature of about 160° C, and the steam is 
removed from the top of the column along 
with non-condensable gas, while the con- 
densed acetic add is recycled. The water con- 
tent of the reaction system is thus stabilized 100 
at from 3 to 4%. The oxidation reaction is 
carried out under these reaction conditions 
wi± an average residence time of 60 minutes. 
The liquid oxidation produa is withdrawn 
into a crystallisation tank and, after cool- 105 
ing, is separated into tere(^tiialic add and 
a mother liquor. The terephthalic add ob- 
tained is then washed with acetic add and 
dried. The mother liquor was recyded to the 
oxidation reactor and reused. Tie 5deld of 110 
terephthahc add was 97 mol % based on the 
para^-xylene, it had a colour value (Hazen 
numbo:) of 18, its optical density at 38 
was 0.020, and its 4-carboxybenzaldeh3^e 
content was 0.12%. The colour value was ob- 115 
tained by dissolving 3 grams of the tere^- 
thalic add in 20 ml of 2N sodium hydroxide 
and comparing the colour of this solution 
with the colour of a standard solution in 
accordance with ASTM procediro D 1209 120 
(1969). The 4-Garboxybenzaldehyde content 
was determined by polarography. 

Control I 

Example I was repeated except that the 
distillation column at the top of the oxidation 125 
reactor was replaced by a condenser which 
condensed not only the acetic add in the 
vapour leaving the reactor but also the steam. 
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The yield of .tereptitfaalic add was 94 xnol %y 
its purity was 97%, it had a Hazen number 
of 300, its optical density at 380 m/i wa& 
0.670, and its 4-caiboxybenzaldehycfe con- 
5 tent was 1.5%. 

Example 11 
An oxidation reaction was carried out as in 
Example I with hourly feed rates of paia- 
xylene, glacial acetic acid and cobalt acetate 

10 of 80, 150 and 40 kg, respectiTely, and a 
reaction temperature 130° C. The water 
formed during the reaction was removed as 
steam from the top of the distillation colimm 
along with non-condensable gas, while the 

15 acetic add was condensed and recyded. The 
reaction was carried out with an average resi- 
dence time of 2 hours. The yield of tereph- 
thalic add was 90 nxof %, based on the 
para-xylene, its purity was 99%, and it had 

20 a Ha2en number of 80. 

Ezaniple HI 
An oxidation reactor was fed with 100 kg/ 
hr of para-xjdcne, 90 kg/hr of 99% acetic 
add (1% water) and, as oxidation catalyst, 

25 3.4 kg/hr of cobalt acetate, 3.4 kg/hr of man- 
ganese acetate and 1.7 kg/hr of sodium bro- 
mide, as well as 850 kg/hr of a mother liquor 
containing finely divided terephthalic add of 
partide size less than 40 microns. An ozida- 

30 tion reaction was carried out with an average 
residence time of 60 minutes at .190^ C and 
at 12 atmospheres pressure while introduc- 
ing air into the bottom of the reactor at the 
rate of 10 cubic meters per minute. A frac- 

35 donal distillation operation was carried out 
on the gaseous reaction product in a distil- 
lation column of 15 trays coupled to the* reac- 
tor. The fractional distillation was carried out 
at a column top temperature of 160° C. and 

40 a column bottom temperature of 178° C, so 
that steam was removed along with waste gas 
while the acetic add was condensed and was 
recyded to the reaction zone. The water con- 
tent in the oxidation reaction system was 

45 thereby maintained at about 5%. llie reaction 
product was withdrawn from the reactor via 
a pressure regulating valve and was intro- 
duced to a flashing chamber at normal atmo- 
spheric pressure where It was flashed and 

50 the terephthalic acid crystallised out The 
volatiles were removed from the top of the 
flashing chamber, while the acetic add sus- 
pension of terephthalic add, cooled to 120° 
" C. by the latent heat of evaporarion of the 

55 solvent in the flashing chamber was forwarded 
to a filter of the centrifugal type. CrystaUine 
terephthalic add was separated by filtration 
from a mother liquor containing fiiidy divided 
terephthalic add of partide size less than 

60 about 40 -microns (the weight ratio of the 
separated crystalline terephthalic add to the 
findy divided terephthalic add contained in 
the mother liquor was 97:3). The mother 



liquor was recyded to the reaction 'zone after 
mixing with fxesh acetic add, para-xylene and 65 
a sufildent amount of the oxidation catalyst 
to replenish that lost to the system. Tereph- 
thalic add crystals of coane partide size 
containing substantiaUy no tcrephtiialic add 
of particle size less than 40 microns was fed 70 
to a dryer after washing with acetic add. The 
acetic add used for washing was that ob- 
tained by condensing the vapour from the 
crystallisation step. The yield of terephthalic 
add based on para-xylene was 96 mol % when 75 
the continuous oxidation reaction attained its 
steady operational state. The purity of the 
terephthalic add was 100%, it had a Hazen 
number of 16, and its 4-carboxybenzaldehyde 
content was 0.10%. • 80 

When the findy divided terephthalic add 
contained in the mother liquor was isolated 
and its quality was examined, it was found 
to have a Hazen number of 160 and a 4- 
carboxybenzaldehyde content of 0.30%. 85 

. Control n 

Example III was repeated except that a 
condenser was provided at the top of the oxi- 
dation reactor so that condensed aqueous ace- 
tic add solution was recyded to the reaction 90 
zone and the terephthalic add was not caused 
to crystallise by flashing. 

The yield of terei^tfaalic add viras 93 mol 
%, .based on para-xylene, its purity was 97%, 
it had a Hazen number of 250, and its 4- 95 
carboxybenzaldehyde content was 1.3%. 



WHAT WE CLAIM IS: — 

1. A process for producing terephthalic 
add which comprises oxidising para-xylene in 

the liquid phase with dther molecular oxygen 100 
or a gas containing molecular oxygen in the 
presence of acetic add and a cob^t-contain- 
ing catalyst, recovering terephthalic add by 
crystallisation from the liquid oxidation reac- 
tion product^ recycling to the oxidation reac- 105 
tion without distillation the mother liquor, 
which contains catalyst; remaining after re- 
moval of crystalline terephthalic add, passing 
the gaseous oxidation reaction product which 
contains non-condensable gas, water vapour 110 
and acetic add vapour through a fraction- 
ating zone in which the acetic add vapour is 
condensed' while the water vapour is not 
condensed, recycling tiie condensed acetic add 
to the oxidation reaction and removing the 115 
water vapom:, together with the non-condens- 
able gas, from tiie reaction system. 

2. A process according to daim 1 wher&- 
in the liquid oxidation reaction product is 
flashed to cause the terepbthaUc add to 120 
crystallise^ coarse partides a£ terephthalic 
add are isolated and recovered, the mother . 
liquor containing findy divided terephthalic 
add crystals is recjrcled to the oxidation re- 
action, and the coarse particles of terephthalic 125 
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add are crashed with acetic add recovered 
£tQm the flashed vapour. 

3. A process according to claim 1 or 2 
wherein there is used a catalyst containing 
cobaltj manganese and bromine. 

4. A process for produdng terephthalic 
add substantially as described with reference 
to the accompanying drawing. 

5. A process for producing terephthalic 



add according to claim 1 substantially as 
described in any one of the Examples. 

6. Terephthalic add when prepared by a 
process as claimed in any one of the pre- 
ceding daims. 

J. A. KEMP & CO., 
C3mtered Patent Agents, 
14 South Square, Gray's Inn, 
London WCIR 5EU. 
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acid are washed with acetic add recovered add according to claim 1 substantially as 

from the flashed vapour. described in any one of the Examples. 

3. A process according to claim 1 or 2 ^* Terephthalic acid when prepared by a 

wherein there is used a catalyst containing Process as claimed in any one of the pre- 

oobalt> manganese and bronune. ceding claims. 
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4. A process for producing terephthalic 
add substantially as described with reference 
to the accompanying drawing. 

5. A process for producing terephthalic 



J. A. KEMP & CX)., 
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